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XII. On the ConJlruBion of the Heavens* 
By William Herfchel, Efq. F. R. S. 

Read February 3, 1785. 

^TPIHE fubje£r. of the Conftruction of the Heavens, 011 
JL which I have fo lately ventured to deliver my thoughts 
to this Society, is of fo extenfive and important a nature, that 
we cannot exert too much attention in our endeavours to throw 
all poffible light upon it ; I fhall, therefore, now attempt 
to purfue the delineations of which a faint outline was begun 
in my former paper. 

By continuing to ob.ferve the heavens with my laft con- 
ftrudted, and fince that time much improved inftrument, I am, 
now enabled to bring more confirmation to feveral parts that 
were before but weakly fupported, and alfo to offer a few frill 
further extended hints, fuch as they prefent themfelves to my 
prefent view. But firft let me mention that, if we would 
hope to make any progrefs in an inveftigation of this -delicate 
nature, we ought to avoid two oppofite extremes, of which I 
can hardly fay which is the moft dangerous. If we indulge a 
fanciful imagination and build worlds of our own, we muft 
not wonder at our going wide from the path of truth and 
nature ; but thefe will vanifh like the Cartefian vortices, that 
foon gave way when better theories were offered. On the other 
hand, if we add obfervation to obfervation, without attempt- 
ing to draw not only certain conclufions, but alfo conjectural 
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views from them, we offend againft the veiy end for which 
only obfervations ought to be made. I will endeavour to keep 
a proper medium ; but if I mould deviate from that, I could 
wifh not to fall into the latter error. 

That the milky way is a mod extenfive ftratum of ftars of 
various fizes admits no longer of the leaft doubt ; and that our 
fun is actually one of the heavenly bodies belonging to it is as 
evident. I have now viewed and gaged this mining zone in 
almoft every direction, and find it compofed of ftars whofe 
number, by the account of thefe gages, conftantly increafes 
and decreafes in proportion to its apparent brightnefs to the 
naked eye. But in order to develop the ideas of the univerfe, 
that have been fuggefted by my late obfervations, it will be bed 
to take the fubjedt from a point of view at a confiderable 
diftance both of fpace and of time. 

Theoretical view. 

Let us then fuppofe numberlefs ftars of various fizes, Scat- 
tered over an indefinite portion of fpace in fuch a manner as to 
be almoft equally diftributed throughout the whole. The laws 
of attraction, which no doubt extend to the remoteft regions of 
the fixed ftars, will operate in fuch a manner almoft probably <to 
produce the following remarkable effects. 

Formation of nebula y 

Form I. In the firft place, fince we have fuppofed the ftars 
to be of various fizes, It will frequently happen that a ftar, 
being confiderably larger than its neighbouring ones, will 
attract them more than they will be attracted by others that are 

immediately 
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immediately around them ; by which means they will be, in 
time, 35 it Wd'e, COndenfed about a center; or, in other words, 
form themfelves into a clutter of ftars of almoft a globular 
figure, more or lefs regularly fo, according to the fize and 
original dittance of the furrounding ftars. The perturbations 
of thefe mutual attractions mutt undoubtedly be very intricate, 
as we may eafily comprehend by confidering what Sir Isaac 
Newton fays in the firft book of his Principia, in> the 38th 
and following problems; but in order to apply this great 
author's reafoning of bodies moving in ellipfes to fuch as are 
here, for a while, fuppofed to have no other motion than what 
their mutual gravity has imparted to them-, we mutt fuppofe 
the conjugate axes of thefe ellipfes indefinitely diminifhed^ 
whereby the ellipfes will become ttraight lines. 

Form II. The next cafe, which will alfo happen ahnoft as: 
frequently as the former, is where a few ftars, though not 
fuperior in fize to the reft, may chance to be rather nearer each 
other than the furrounding ones; for here alfo will be formed a 
prevailing attraction in the combined center of gravity of them; 
all, which will occafion the neighbouring ftars to draw toge- 
ther ; net indeed fo as to form a regular or globular figure, but 
however in fuch a manner as to be condenfed towards the 
common center of gravity of the whole irregular clutter. And 
this conftrudlion admits of the utmoft variety of fhapes, ac- 
cording to the number and Situation of the ftars whkh firft, 
gave rife to the condenfation of the reft. 

Form I'll. From the compofition and" repeated; conjunction 
of both the foregoing forms, a third may be derived, when many 
large ftars, or combined fmall ones, are fituated in long ex- 
tended, regular, or crooked rows, hooks, or branches ; for they 
will alfo draw the furrounding ones, fo as to produce figures 

of 
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of condehfed ftars cparfely'ftrnilar? to the former which gave 

rife to theie condenfations. 

Form IV. We may likewife admit of frill more extenfive 
combinations ; when, at the fame time that a duller of ftars 
is forming in one part of fpace, there may be another collect- 
ing in a different, but perhaps not far diftant quarter, which 
may occafion a mutual approach towards their common center 
of gravity. 

V. In the laft place,; as a natural confequence of the 

former cafes, there will be formed great cavities or vacancies 
by the retreat of the ftars towards the various centers which 
attract them ; fo that upon the whole there is evidently a field 
of the greatefl variety for the mutual and combined attractions 
of the heavenly bodies to exert themfelves in, I mail, there- 
fore, without extending myfelf farther upon this fubjecf , pro- 
ceed to a few confideraticns, that will naturally occur to every 
one who may view this fubject in the light I have here done. 

Obje&ions conjidered. 

At firft fight then it will feem as if a fyftem, fuch as it has 
been difplayed in the foregoing paragraphs, would evidently 
tend to a general deftrucfion, by the fhock of one ftar's 
falling upon another. It would here be a fufficient anfwer to 
fay, that if obfervation mould prove this really to be the 
fyftem of the univerfe, there is no doubt but that the great 
Author of it has amply provided for the prefervation of the 
whole, though it mould not appear to ns in what manner this 
is effected. But '-> I £h all moreover point out feveral circum- 
ftances that do manifeftly tend to a general prefervation ; as, in 
the firft place, the indefinite extent -of the fidereal heavens, 

6 which 
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which muft produce a balance that will effectually fecure all 
the great parts of the whole from approaching to each other. 
There remains then only to fee how the particular ftars be- 
longing to feparate clutters will be preferved from rufhing on 
to their centers of attraction. And here I muft obferve, that 
though I have before, by way of rendering the cafe more Am- 
ple, confidered the ftars as being originally at reft, I intended 
not to exclude projectile forces ; and the admiffion of them 
will prove fuch a barrier againft the feeming destructive power 
of attraction as to fecure from it all the ftars belonging to a 
clutter, if not for ever, at leaft for millions of ages. Befides, 
we ought perhaps to look upon fuch clufters, and the deftruc- 
tion of now and then a ftar, in fome thoufands of ages, as 
perhaps the very means by which the whole is preferved and 
renewed. Thefe clufters may be the Laboratories of the univerfe, 
if I may fo exprefs myfelf, wherein the moft falutary remedies 
for the decay of the whole are prepared. 

Optical appearances. 

From this theoretical view of the heavens, which has been 
taken, as we obferved, from a point not lefs diftant in time 
than in fpace, we will now retreat to our own retired ftation, 
in one of the planets attending a ftar in its great combination 
with numberlefs others ; and in order to investigate what will 
be the appearances from this contracted fituation, let us begin 
with the naked eye. The ftars of the firft magnitude being 
in all probability the neareft, will furnifh us with a ftep to 
begin our fcale ; fetting off, therefore, with the diftance of 
Sirius or Arcturus, for instance, as unity, we will at prefent 
fuppofe, that thofe of the fecond magnitude are at double, and 

Vol. LXXV. F f " thofe 
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thole ef the third at treble the diftance, and fo forth. It is not 
neceffary critically to examine what quantity of light or mag- 
nitude of a ftar intitles it to beeftimated of fuch or fuch a pro- 
portional diftance, as the common coarfe eftimation will anfwer 
Our prefent purpofe as well ; taking it then for granted, that a 
ftar of the feventh magnitude is about feven times as far as 
one of the firft, it follows, that an obferver, who is incloftd 
in a globular clufter of ftars, and not far from the center, will 
tiever be able, with the naked eye, to fee to the end of it : for, 
fince, according to the above estimations, he can only extend his 
view, to about feven times the diftance of Sirius, it cannot be 
expected that his eyes fhould r?ach the borders of a clufter 
which has perhaps not lefs than fifty ftars in depth every where 
around him. The whole univerfe, therefore, to him will be 
comprifed in a fet of conftellations, richly ornamented with 
fcattered ftars of all fizes. Or if the united brightnefs of a 
neighbouring clufter of ftars mould, in a remarkable clear 
night, reach his fight, it will put on the appearance of a fmall, 
faint, whitifh, nebulous cloud, not to be perceived without 
the greateft attention. To pafs by other Situations, let him 
be placed in a much extended ftratum, or branching clufter of 
millions of ftars, fuch as may fall under the III d form of ne- 
bulas confidered in a foregoing paragraph. Here aifo the hea- 
vens will not only be richly fcattered over with brilliant con- 
ftellations, but a fhining zone or milky way will be perceived 
to furround the whole fphere-of the heavens, owing to the 
combined light of thofe ftars which are too fmall, that is, too 
remote to be feen. Our obferver's fight will be fo confined, 
that he will imagine this fingle collection of ftars, of which he 
decs not even perceive the thoufandth part, to be the whole 
contents of the heaveps. Allowing him now the ufe of a 
4 common 
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common telefcope, he begins to fufpect that all the milkinefs 
of the bright path which furrounds the fphere may be owing 
to ftars. He perceives a few clufters of them in various parts 
of the heavens, and finds alfo that there are a kind of nebu- 
lous patches ; but ftili his views are not extended fo far as to 
reach to the end of the Stratum in which he is Situated, fo that 
he looks upon thefe patches as belonging to that Syftem which 
to him feems to comprehend every celeftiai object. He now 
increafes his power of virion, and, applying himfelf to a clofe 
obfervation, finds that, the milky way is indeed no other than a 
collection of very fmall ftars. He perceives that thofe objects 
which had been called nebulae are evidently nothing but clufters 
of ftars. He finds their number increafe upon him, and when 
he refolves one nebula into ftars he difcovers ten new ones 
which he cannot refolve, He then forms the idea of irnmenfc 
Strata of fixed ftars, of clufters of ftars and of nebulas (a) ; till, 
going on with fuch interesting obfervations, he now perceives 
that all thefe appearances muft naturally arife from the con- 
fined fituation in which we are placed. Confined j* may juftly 
be called, though in no lefs a fpace than what before appeared 
to be the whole region of the fixed ftars ; but which now has 
affumed the Shape of a crookedly branching nebula ; not, in- 
deed, one of the leaft, but perhaps very far from being the 
snoft considerable of thofe numberlefs clufters that enter into 
the conftrudtion of the heavens. 

Refult of Obfervations. 

1 mail now endeavour to Shew, that the theoretical view of 
the Syftem of the univerfe, which has been expofed in the 

(a) See a former paper ob the Conflru&ion of the Heavens. 
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foregoing part of this paper, is perfe&ly confident with facta, 
and feeras to be confirmed and eftablimed by a feries of obfer- 
vations. It will appear, that many hundreds of nebulae of the 
firft and fecond forms are actually to be feen in the heavens, 
and their places will hereafter be pointed out. Many of the 
third form will be defcribed, and inftances of the fourth re- 
lated. A few of the cavities mentioned in the fifth will be 
particularifed, though many more have already been obferved ; 
fo that, upon the whole, I believe, it will be found, that the 
foregoing theoretical view, with all its confequential appear- 
ances, as feen by an eye inclofed in one of the nebula;, is no 
other than a drawing from nature, wherein the features of the 
original have been clofely copied ; and 1 hope the refemblance 
will not be called a bad one, when it fhall be confidered how 
very limited muft be the pencil of an inhabitant of {o fmall 
tnd retired a portion of an indefinite fyftem in attempting the 
picture of fo unbounded an extent. 

But to proceed to particulars : I fhall begin by giving the 
following table of gages that have been taken. In the firft 
column is the right afcenfion, and in the fecond the north 
polar diftance, both reduced to the time of Flamsteed'& 
Catalogue. In the third are the contents of the heavens, being 
the refult of the gages. The fourth fhews from how many 
fields of view the gages were deduced, which have been ten or 
more where the number of the- ftars was not very eonfiderable ; 
but, as it would have taken too much time, in high numbers, 
to count fo many fields, the gages are .generally fingle. Where 
the ftars happened to be uncommonly crouded, no more than 
half a field was counted, and even fometimes only a quadrant ; 
but then it was always done with the precaution of fixing on 
feme row of ftars that would point out the divifion of the field, 

fo 



CdnflniSiion of the Heavens, zzi 

fo as to prevent any confiderable miftake. When five, ten, or 
more fields are gaged, the polar diftance in the fecond column 
of the table is that of the middle of the fweep, which was 
generally from 2 to 2| degrees in breadth ; and, in gaging, a 
regular distribution of the fields, from the bottom of the fweep 
to the topj was always ftrittly attended to. The fifth column 
contains occasional remarks relating to the gages. 

I. Table of Star-Gages. 



R.A. 


P.D. 


Stars. 


Fields. 


Memorandums. 


H. M. S. 


D. M. 








1 41 


78 47 


9>9 


10 




° 4 55 


65 36 


20,0 


10 




.9 7 54 


74 13 


"'3 


10 


Meft of the ftars extremely fmall. 


b 8 24 


'49 7 


60 


I 




9 52 


113 17 


4,i 


10 


% The gages marked with an after'rik 


O 12 52 


113 17 


3.2 


10 


% , are thofe by which fig. 4. tab t 


O l6 48 


67 44 


11,9 


10 


VIII. has been delineated. 


O 21 52 


113 17 


3-9 


10 


# 


6" "23" 21 


87 10 


5.9 


10 




28 26 


46 54 


60 


1 




31 38 


46 54 


40 


I 




33 33 


65 32 


20,4 


10 




34 22 


56 38 


20 


I 




O' 35 22 


55 38 


■ 24 


I 




36 39 


75 32 


">3 


10 




39 5 6 


78 43 


8,1 


10 




40 29 


48 43 


eo 


J, 

2 




44 21 


87 10 


7.0 


10 




46 22 


69 51 


ri ._.., 


10 




46 33 


6 5 3 2 


?3 


10 




48 42 


58 47 


40 


I 




48 50 


58 13 


J 7 


I 


- 


53 i 8 


67 41 


9,8 


10 


A little hazy. 


53 40 


45 37 


73 


I 




,.p 54 10 


75 16 | 


13 


I 


J 
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R.A. 


1 P.D. 

D. M 


Stars. 


Fields, 


Memorandums. 


H. M. S. 








o 55 IO 


73 16 


14 


j 




o 56 4 


74 


15 


1 




57 5 2 


113 17 


3. 8 


IO 


,f 


59 10 


74 25 


14 


1 




I Q l6 


74 16 


n,i 


IO . 




I I IO 


74 5 


11,2 


IO 




I I 18 


iit 


5> 2 


to 


Very clear for this altitude. 


I 2 52 


52 


28,1 


10 


Moft of the ftars very (mail. 


1 3 52 


113 17 


2,8 


10 


#■ 


1 4 15 


94 5 2 


7>5 


10 




1 4 33 


65 32 


11,0 


10 


"■ " "-v 


* 5 55 


78 3i 


9,2 


IO. 




1 7 27 


45 23 


58 


I 




1 12 


58 37 


20 


I 




1 12 48 


60 19 


»3 


I 




1 13 4 


94 5° 


6,3 


IO 




1 15 5* 


48 40 


3° 


I 




i 18 21 


48 40 


58 


I 




1 23 21 


.48 40 


44 


I 




1 27 30 


6 5 42 


12,9 


IO 




1 31 21 


87 7 


5.8 


IO 




1 32 4 


94 50 


7.3 


IO 




1 33 IO 


100 8 


6,4 


IO 




1 33 32 


92 35 


7,i 


IO 




1 34 52 


60 8 


i7 


I 




1 43 3° 


65 42 


14,4 


IO 


• 


1 45 24 


69 43 


7." 


IO 




1 48 4 


100 12 


4,9 


IO 




1 54 24 


76 28 


12,1 


IO 




1 58 55 


61 55 


i5>° 


IO 




2 4 28 


87 5 


6,4 


IO 




2 4 36 


78 38 


9,3 


IO 




2 7 12 


94 56 


7> 8 


IO 




280 


83 3 


7.3 


IO 




2 10 4 


100 12 


4,3 


IO 
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R.A. 


P.D. 


Stars. 


Fields. 


Memorandums. 


H. M. S. 


D. M. 








2 11 30 


65 45 


14,8 


10 




2 16 27 


no 54 


4,2 


10 


* 


2 19 27 


76 24 


9>9 


10 




2 22 17 


45 3 1 


82 


1 




2 23 6 


60 16 


H 


I 




2 23 19 


113 8 


4» 2 


10 


# 


2 24 6 


5 8 3° 


'5 


I 




2 27 40 


115 2I 


3»° 


10 


# The fituation too low for great accu- 


2 30 0: 


94 56 


6 


10 


racy. 


2 31 23 


76 22 


13.8 


10 




2 35 14 


87 2 


5>6 


10 




2 38 O 


94 56 


6,6 


10 


_ 


2 42 7 


61 50 


14,8 


10 




2 47 3 2 


74 3 


11, 1 


10 


Moft of the ftars exceedingly final!. 


2 49 22 


9 2 55 


9,0 


10 




2 49 3° 


"° 55 


6,i 


10 


# 


2 50 


94 5 6 


6,8 


10 




2 54 53 


76 22 


9.2 


10 




2 59 56 


81 10 


6,1 


10 




3 * 53 


7 8 37 


4>i 


10 




3 1 56 


81 10 


5»i 


10 


1 


3 4 53 


7 8 37 


3»5 


10 




3 10 20 


100 2 


6,8 


10 




3 11 6 


59 2 9 


7»° 


5 


"» In a part of the heavens which looks 


, 3 *3 6 


59 29 


6,1 


10 


1 pretty full of ftars to the naked 


3 *5 6 


59 2 9 


9»4 


10 


J eye. 


3 22 57 


83 1 


10,3 


10 




3 2 3 2I 


92 49 


10,1 


10 




3 2 9 4i 


46 35 


55 


1 




3 35 


62 1 


i5 


1 


About 15 ftars generally in the field. 


3 35 * 2 


100 3 


7,4 


10 




3 36 * 


"3 3 


4.9 


10 


* 


3 4 2 49 


46 10 


5+ 


1 




3 48 16 


99 59 


8,1 


10 




3 55 n 


74 2 


1 ">° 


10 
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R.A. 


P.D. 


Stars. 


Fields. 


. — , — — -— «~~«~«— —»—» 

Memorandums. 


H. M. S 


D. M 






4 i 24 


92 48 


i3>8 


IO 




4 6 18 


82 57 


j 3,4 


10 




4 8 31 


"4 55 


4,2 


IO 


•» 


4 12 41 


69 33 


! 5>3 


IO 


And many more, extremely fmall, 


4 l6 34 


11* 45" 


6,2 


IO 


•& fufpefted. 


4 26 34 


112 45 


8,8 


IO 


* 


4 27 1 1 


70 41 


2 5 


I 




4 28 41 


70 1 


17 


I 




4 2 9 S 


69 24 


3° 


I 




4 3° J 4 


99 5° 


9-7 


IO 




4 31 19 


67 33 


15.6 


IO 




4 32 29 


69 2 


3& 


I 




4 33 3 1 


114 55 


8,1 


IO 


* 


4 42 14 


86 27 , 


19.9 


IO 




4 53 22 


72 59 


5<> 


I 




4 57 45 


83 22 


38 


I 




4 58 45 


84 36 


35 


I 




5 1 l6 


69 23 


34 


I 




5 3 45 


83 29 


*7>7 


6 




5 IO 5 2 


69 22 


74 


1 




5 11 22 


9 6 37 


24 


1 




5 J 7 22 


96 15 


8,9 


8 




5 1 8 ° 


80 46 


30 


1 


About 30 ftars in the field, not very 


5 21 7 


•92 52 


-19,1 .. 


10 


exaftly gaged. 


5 2 4 12 


66 5 


3^ 


1 




5 27 3 


68 52 


58 


1 




5 27 4 8 


no 40 


i7»7 


10 


* 


5 33 4 


76 10 


65 


1 




5 33 12 


66 26 


86 


1 


- 


5 33 l v 


114 59 


•i3>5 


to 


* 


5 34 45 


7° 33 


5° 


1 




5 3 6 3° 


62 1 


20—30 




From 20 to 30 ftars in the fields, not 


5 37 4 


74 26 


140 


.1 

2 


very exaftly gaged. 


5 3 8 45 


70 8 


73 


I 




5 4i 12 


66 43 


60 J 


I 1 
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1 R.A. 


P.D. 


Stars. 


Fields. 


Memorandums. 


H. M. S. 


D. M. 








5 44 


116 43 


">5 


IO 


* 


5 45 3° 


83 3° 


5° 






5 47 34 


112 34 


J 9>3 


IO 


# 


5 48 3° 


62 1 


3° 




About 30 ftars in the field ; not very 


5 48 44 


92 51 


22,4 




exactly gaged. 


5 49 


80 5 


5° 






5 52 14 


93 r 4 


44 






5 52 3° 


8 3 30 


60 






5 53 


80 5 


no 






5 55 4 


92 56 


57 






5 5 6 40 


70 27 


73 






5 57 


80 5 


60 






5 57 37 


110 33 


19,6 


10 


# 


5 58 5* 


88 36 


90 






5 59 3° 


83 3° 


80 






6 23 


86 38 


24,1 


10 




6 1 


80 5 


70 




1 


640 


80 5 


90 




■ 


6 5 4 


67 17 


120 




Very unequally fcattered. 


6 6 14 


96 16 


52 






6 6 30 


83 3° 


80 






6 6 30 


80 5 


70 






6 6 38 


9 1 45 


54 




Like the reft, or many fuch fields. 


6 6 40 


68 24 


56 






690 


80 5 


74 






6 9 34 


"3 35 


26 




* 


6 11 


62 1 


30—40 




Between. 


6 11 


80 5 


63 




The lead number of ftars in the field I 


6 11 34 : 


112 5 


33 




# could find in this neighbourhood. 


6 11 37 


9° »5 






About 60 or 70 generally. 


6 14 4 


68 11 


178 


i 




6 14 38 


90 15 


77 






6 17 45 


62 1 


5° 






6 18 14 


96 12 


38 




Very unequally fcattered. 


6 19 14 


93 59 


72 







Vcl. LXXV. 



<J g 



R.A* 



:z6 



Mr. Herschel on the 



R.A. 


P.D. 


Stars. 


Fields. 


Memorandum's, . 


H. M. S. 


D. M. 








6 26 17 


114 59 


15.9 


IO 




6 27 14 


94 3 6 


132 


1 

2 


* 


6 27 32 


70 23 


50 


I 




6 31 48 


115 40 


40 


I 




6 34 44 


92 25 


94 


I 




6 34 55 


79 5 


50 


I 


Generally about 50 ftars.. 


6 36 


94 5 6 


62 


I 


Twilight. 


6 37 15 


75 5 


70 


I 


Generally about 70 ftars.. 


6 39 8 


99 7 


5° 


I 


# 


6 40 


nb 43 


3*>3 


IO 




6 4j 25 


79 5 


67 


I 




6 44 28 


100 30 


67 


I 


* 


6 49 5 


87 21 


120 


1 

2 


# 


6 49 3° 


77 3 1 


jo 


I 


Many fields like this; 


6 49 44 


92 33 


120 


1 




6 51 8 


98 33 


78 


1 


*» 


6 52 


I 16 21 


48 


I 




6 52 25 


79 5 


60 


I 


About 60 ftars. . 


6 52 44 


92 59 


98 


I 




6 54 9 


in 11 


45 


I 


*•- 


6 57 8 


100 1 


34 


1 


* 


6 57 38 


98 50 


83 


I 


# 


6 58 39 


112 48 


81 


I 


* 


7 25 


79 5 


70 


I 




7 4 ° 


92 3 


102 


I 


# 


7 4 3« 


98 59 


70 


1 


# 


7 5 9 


in ii 


70 


I 


# 


7 8 9 


112 15 


62 


1 


* 


7 12 8 


100 . 5 


118 


1 
2 


* 


7 15 38 


98 12 


112 


1 
2 


B ,., , ■ 


7 10 


9 1 5 1 


58 


I ' 


* 


7 20 


• 78 59 


48 


1 




7 25 9 


in 21 


168 


1 

4 


■^ One of the richeft fields. 


7 28 9 


112 34 


204 


1 

4 


Jf A field like the reft. 


' 33 q 


r 1 q 28 


86 


I 


1 



R.A, 



ConJiruBhn of ike Heavens, 



'J.2J 



R.A, 


P.D. 


Stars. 


Fields. 


Memorandums. 


H. M. S. 


D. M. 








7 41 9 


113 26 


108 


1 

2 


-X- ■ 


7 53 4 


86 39 


28,3 


10 


* 


814 


in 15 


80 




* 


8 3 4 


"3 3 1 


66 






8 6 38 


100 5 


40 




■' 


8 7 38 


99 3 


45 




* 


8 11 8 


99 2 5 


ia.,2 


10 


* 


8 12 34 


112 15 


52 




#. 


8 22 4 


111 30 


35 - 




# 


8 31 4 


112 1 


33 






8 32 24 


112 7 


30 






8 35 4 


112 17 


24 






8 35 H 


in 19 


20 






8 40 4 


in 11 


22 




# 


8 45 4 


113 22 


13 






8 46 39 


91 26 


20,3 


10 


# 


8 48 4 


112 23 


16,2 


10 




8 57 25 


66 20 


«>3 


10 


* 


9 5 3 8 


91 22 


13.8 


10 


* 


9 10 4 


"5 17 


14,0 


10 




9 20 4 


112 23 


15.8 


10 




9 20 40 


99 12 


ii,i 


10 




9 20 58 


88 7 


",5 


10 


* 


9 35 4 


112 23 


1 3>° 


10 




9 38 4 


115 17 


10,1 


10 




9 3 S 8 


90 23 


7»9 


10 


# 


9 42 16 


86 16 


7.7 


10 


# 


9 45 49 


112 21 


13' 2 


10 


Strong twilight. 


10 4 


"5 17 


9>* 


10 




10 16 8 


88 8 


7.2 


10 


* 


10 19 32 


91 14 


6,5 


10 




10 25 8 


88 8 


4,9 


10 


■» 


10 26 


81 41 


5,6 


7 


# 


11 44 


81 38 


5,3 


6 


# 


11 7 36 


91 14 


5,6 


10 


. 



Gg 



R.A, 



228 



Mr. Herschel on the 



R.A. 


P.D. 


Stars. 


Fields. 


Memorandums. 




: H. M. S. 


D. M. 










ii 10 6 


1J 5 23 


6,5 


IO 


Twilight.. 




ii 16 52 


81 38 


3,« 


8 


# 




11 20 37 


91 17, 


4,9 


10 






11 53 43 


81 39 


6,0 


5 


# 




.12 5 6 


78 57 


2,2 


l 3 


* 




12 30 40 


79 3 


3-4 


11 


* 




12 46 51 


81 40 


4,6 


n 


*■ 




12 48 19 


79 4 


3-9 


J 3 


* 




12 53 4S 


101 45 


9>3 


10 


Twilight. 




12 S 7 8 


• 99^56 


8,1 


10 


■ Pretty ftrong day-light. 




'3 J 19 


79 4 


3,8 


12 


# 




13 '7 27 


101 45 


8,6 


10 = 


: Twilight. 




: J 3 22 49 


100 1 


8,4 


10 


Some day-light... 




J 3 2 7 57 


10 1 45, 


",3 


10 


V 




13 31 JO 


• 75 SS 


5-6 


1 


^Generally about 5 or 6 ftars in 


the field. 


13 38 53 


104 27 


8,5 


10 






13 48 49 


1,00 1 


9,2 


10 


Strong twilight. 




13 51 27 


' »o.i 45 


10,0 


10 






\ x 3 55 44 


58 11 


7,4 


10 


# Twilight* 




-13 57 S3 


104 27 


12,3 


10 


Moll very fmall. 




14 9 49 


. 100 i 


11,2 


10 


Twilight. 




14 13 52 


"3 4 


■9,7 


10 






14 14 57 


10 1 45 


8,8 


IO 






14 24 49 


81 53 


2,7 


6 






: 14 29 45 


100 5 


13.3 


; 1.0 






H3° 7 


66 3 


8,8 


IO 


% All fizes. 




14 3° 8 


80 3 8 


3,5 


1 3 






14 33 22 


58 7 


8,9 


10 


•Jf. Chiefly fmall. 




H 33 52 


i»3 4. 


10,3 


IO.. 






'4 59 57 


i°i 45 


14,0 


IO 


All fizes. 




14 40 36 


64 47 


6,4 


10 






■ H 44. IJ 


"4 54 


io,3 


10 






; 14 49 52 


"3 4 


12,8 


IO 






14 51 14 


58.10 


9.2 


IO 


# Twilight. 




. 14 52 58 


60 41 


4,4 


IO 


•%. Strong Aurora borealis. 





R.A. 



ConftruB'ton of the Heavens.. 



S29 



R.A. 


P.D. 


Stars. 


Fields. 


Memorandums. 




H. M. S. 


D. M. 










■ J 4 53- 1 


. 65 15 


9,0 


IO 


Chiefly large. 




. 14 Sf 3 6 


64 47 


6,6 


IO 


Moft very fmall. 




14 59 11 


"4 54 


8,8 


10 






15 2 42 


62 48 


8,3 


10 






i5 3 7 


66 15 


9»5 


IO 






*5 4 3^ 


64 47 


5,° 


IO 






15 8 37 


113 


14,1 


IO 






i5 845 


93 S 


9,4 


12 


Very final!. 




15 J 3 42 


62 48 


8,9 


IO 






15 15 44 


58 17 


10,0 


10 


•$f Twilight. 




15 19 48 


60 40 


4.9 


IO 


% Strong Aurora borealis, fo as 


toaffecl 


15 20 


75 52 


9,5 


4 


the gages. 




15 21 


93 5 


10,9 


12 






15 26 7 


81 53 


11,0 


S 






15 28 48 


99 s 1 


i3,i 


10 






*5 29 7 


66 i 5 


10,6 


10 


All fizes. 




15 29 44 


58 17 


8,9 


10 


% Twilight. 




15 32 


75 51 


6 


6 






J 5 33 52 


m 32 


12,8 


10 






15 35 


75 51 


6,5 


6 






15 42 2 


58 14 


13,1 


10 


% Twilight. 




; *5 42 3 
; *5 42 S3 


116 56 


18,6 


10 






113 47 


32,5 


i 


The flars too ftnall for the gage 


« ■ 


15 46 30 


93 S 


10,8 


12 






„ *5 48 37 


113 


17,1 


10 






iS 48 46 


63 4 


12,4 


10 






*5 49 52 


hi 32 


18,1 


10 


The Situation fo low that it 


requires 


IS So 2 ° 


i*4 55 


9,2 


10 


attention to fee the ftarsj 




J S S7 3 


116 56 


7-2 


10 






16 02 


58 14 


12,2 


10 


•& Twilight. 




16 3 


116 56 


6,i 


10 






16 12 


"4 57 


1,6 


10 






16 3 12 


"4 57 


2,0 


10 






16 4 


75 43 


l 3 


6 


All fizes. 




16 4 19 


113 6 


,5 


10 


Perfectly clear. See p- 256. 





K.»Av 






Mr. Hebschel on the 



R.A. 


P.D. 


Stars. 


Fields. 


Memorandums. 




H. M. S. 


D. M. 










1 6 4 46 


6 3 4 


12,0 


10 


Moit fmall. 




16 4 52 


99 57 


14,6 


IO 


Moon and twilight, 




1 6 6 28 


H3 4 


>7 


10 


Perfectly clear. 




16 7 12 


6b 15 


J 3>3 


10 






16 8 6 


ii? 1 


3>8 


6 , 






16 8 ii 


93 9 


12,2 


12 






16 8 16 


116 48 


11,6 


10 






16 9 28 


"3 4 


1,1 


10 


Perfectly clear. See p. 256. 




16 u 28 


113 4 


1,4 


10 


The fame. 




16 13 28 


>i3 4 


1,8 


10 


g Serpen tarii and 19 Scorpii vifible to 


16 13 52 


58 24 


14,2 


10 


•Jf Moll fmall. [the naked eye. 


1 6 1 4 42 


63 7 


15,1 


10 


Mod verv fmall. 




16 15 37 


80 40 


9.7 


12 


All fizes. 




16 17 28 


113 4 


4>7 


10 






t6 20 51 


81 57 


13,8 


6 






16 23 


73 43 


24 


1 






16 23 28 


"3 4 


i3> 6 


10 






16 24 ii 


93 9 


13.6 


12 


Require attention to be feen. 




16 25 7 


80 40 


14,6 


13 






16 27 32 


68 23 


21,6 


10 


Twilight. 




16 29 16 


ii 6 48 


50.4 


10 






16 30 37 


80 40 


34 


1 






l6 3I 12 


66 is 


1 8,4 


10 


Strong twilight. 




16 32 28 


"3 4 


20,3 


10 


Moft extremely fmall. 




16 32 52 


58 24 


i5>6 


10 


•* Moft fmall. 




16 3S 42 


63 7 


16,5 


10 


* 




16 35 48 


93 J 5 


18,6 


12 


All fizes. 




16 38 12 


66 15 


20,1 


10 


Strong twilight. 




16 38 45 


107 57 


19'9 


10 


Strong twilight. 




16 40 51 


113 14 


41,1 


8 






16 45 32 


68 23 


19,0 


- 4 


Hazy. 




16 51 45 


107 57 


29,8 


10 






16 52 22 


66 26 


16,6 


10 


Day-light pretty ftrong. 




16 55 42 


63 7 


26,6 


10 


.% Strong twilight. 




17 1 34 


58 11 


18,8 


10 


■)f Strong day light. 


, 



£y«£&$ 



ConjlntSlhn of the Heavens. 



2ir 



R.A. 


P.O. 


Stars. 


Fields. 


Memorandums. 


H. M. S. 


D. M. 








17 3 22 


66 26 


35 


1 


■?f Day-light too ftrong for gaging. 


17 6 36 


98 38 


*3>7 


IO 


Moft. i'mall, and more fufpecte'd-. 


17 9 30 


116 55 


7,b 


10 




17 9 32 


68 23 


3 2 >3 


10 




17 11 10 


66 26 


3« 


1 


# Day-light pretty ftrong. 


17 13 24 


63 21 


,32-8 


10 


Jf Strong day-light. 


17 17 36 


in 47 


i5>3 


1.0: 


Moon and day-lig^t. 


17 25 7 


108 5 


23 


10 




17 27 29 


116 48 


25 


1 




17 28 32 


68 23 


42,2 


5 


-Sf Twilight. 


17 30 29 


116 48 


42 


1 




17 33 29 


116 48 


52 


1 


Day -light very ftrongg 


17 34 3 6 


98 38 


i8,5 


10 


Very ftrong twilight.. 


17 39 34 


120 


84 


1 


Moft large. 


: 17 4° 4 1 


114 52 


77 


1 - 


Day-light very ftrong,' 


17 41 29 


116 48 


82 


1 


■ Day-light very ftrong. 


17 43 45 


*°5 3 


80 


1 


Flying clouds. 


17 48 


61 18 


25,6 


5 


Moft large. 


17 50 4 


56 16 


27,2 


10 


Twilight. 


17 5° 7 


108 5 


59 


1 


Like the reftia this part of the heaven. 


17 52 7 


'108 5 


118 


I: 


Many fuch fields juft by. 


17 52 17 


9 8 43 


7,6 


IO 




17 52 30 


62 12 


40 


I 


Moft large. 


17 52 32 


68 19 


54 


I 


# Strong day-light. 


17 55 7 


108 5 


232 


I 

2 




i7 55 i5 


106 6 


112 


I 


Many fuch fields. 


17 55 38 


112 54 


112 


I 
2 




17 57 3° 


60 28 


38 


I 


Moft large. 


17 5 8 37 


103 24 


35 


I 




17 58 41 


118 57 


64 


I 




17 58 49 


122 17 


17 


I 




17 59 1 


108 8 


320 


I 

2 




*7 59 *9 


104 24 


68 


I 




18 13 


122 11 


27 


I 




18 3 49 


120 42 


19 


I 





J&s/*-'* 



2J2 



Mr, Herschel on the 



R.A. 


P.D. 


Stars. 


Fields. 


1 Memorandums. 


H. M. S. 


D. M. 








18 5 17 


98 47 


65 


1 




18 6 37 


90 36 


9»4 


ro 


Too foou for gaging, not having been 


18 7 4 


62 14 


40 


1 


Moft large. / long enough out 
\ in the dark. 


18 7 4 


56 16 


38,2 


5 


18 7 37 


103 25 


88,0 


3 




18 10 7 


120 58 


20 


1 




18 10 52 


61 8 


78 


1 


Chiefly large. 


18 11 49 


104 6 


170 


2 




18 13 37 


104 16 


238 






18 13 52 


93 " 


2,0 


7 




18 14 46 


56 20 


48 


1 




18 15 28 


92 42 


3.4 


7 




18 16 52 


92 42 


8,9 


7 




18 18 40 


92 42 


i3»8 


7 




18 19 37 


102 34 


9>S 


2 




18 20 7 


103 18 


J 9 


1 




18 20 46 


92 42 


25»8 


6 




18 21 1 


i°3 55 


22 


1 




18 21 12 


90 41 


8,6 


10 




18 21 31 


103 36 


24 


1 




18 22 4 


62 7 


48 


1 


Large and (mail. 


18 22 4 


56 !6 


39»6 


5 




18 22 19 


104 6 


H 


1 




18 22 37 


103 45 


30 


1 




18 24 3 


i«5 10 


35 


1 




18 24 4 


109 35 


35 


1 


Twilight. 


18 24 7 


102 31 


3° 


1 




18 24 10 


92 59 


88 


1 


. 


18 24 43 


i°3 39 


25 


1 




18 25 37 


102 34 


39 


1 




18 26 17 


98 3 


in 


1 




18 26 25 


103 57 


60 


1 




18 26 47 


97 43 


250 


T 




18 27 1 


1 20 58 


3° 


I 


^ 


'8 27 55 


120 44 


32 


I 





iv.A. 



Conftru&ion of the Heavens. 



2 33 



R.A. 


P.D. 


Stars. 


Fields. 


Memorandums. 


H. M. S, 


D. M- 








18 28 7 


102 51 


J 3 


1 


Extremely fmall. 


18 28 8 


91 44 


39 


I 


Mod fmall. 


18 28 25 


103 9 


20 


1 


Extremely fmall. 


18 28 37. 


122 25 


12 


1 




18.29 25 


IO3 24 


20 


1 


Extremely fmall. 


18 29 47 


97 5° 


I50' 


I 




18 29 49 


121 39 


24 


I 




18 30 34 


57 18 


62 


I 




18 31 10 


92 42 


*3>7 


7 




18 31 10 


108 53 


74 


1 


Twilight. 


18 31 13 


103 19 


112 


1 


All fizes. 


18 31 X7 


97 53 


188 


1 
2 


Many more fufpe&ed; 


18 31 34 


62 34 


76 


1 


*■ Large and fmall. 


18 31 49 


121 39 


x 9>3 


10 




* 8 33 4 


108 43 


88 


1 


Twilight. 


18 33 7 


i°3 53 


146 


1 

2 




18 34 5 


98 34 


.30 


I 




18 34 47 


7 1 53 


78 


I 


# 


18 34 S 8 


60 41 


80 


I 


Large and fmall. 


18 36 34 


no 12 


83 


I 


Twilight. 


18 36 34 


9* 37 


176 


I 

% 




18 36 47 


72 28 


224 


r 

2 


# 


18 37 34 


93 2 9 


5 


I 




18 38 1 


104 14 


118 


1 
2 




18 39 40 


93 52 


116 


* 




18 40 28 


92 47 


10 


I 




18 40 47 


71 48 


236 


1 
4 


# 


18 41 22 


9 1 37 


156 


I 

4 




18 42 49 


121 39 


I5>2 


IO 


Very clear for this altitude. 


18 43 17 


72 8 


368 


I 

4 


# 


18 43 33 


119 21 


21 


I 




18 44 34 


112 43 


53 


I 




j8 44 34 


60 34 


84 


I 


All fizes. 


18 47 32 


91 14 


328 


I 
4 




1848 4 


1 10 12 


83 




. 



Vci,. LXXV* 



Hh 



JR. A.. 



t34 



Mr. Hersc-hel on the 



R.A. 


P.D. 


Stars. 


fields. 


Memorandums. 


H. M. S*. 


' D. M. 






";. ■ 


18 50 16 


60 55 


136 


1 
2 


Many of them fmall. 


18 51 4 


57 26 


84 


1 

1 




18,51 32. 


108 26, 


36,8 


5 


Strong twilight. 


18,52 49 


1 15, 30 


26,2 


5 




: 18 54 4 


57 18 


93 


1 




18 54 8 


9 1 M- 


328 


-1 ■ 
4 




18 54 55 


104 23 


180 


1 
2 




18, 55 4 


108 41 


80 


1 




18 55, i& 


62 31 


206 


1 
2 




18 5.9 8 


91 *4 


328 






18 59 26 


72 37 


40 


I 


Too foon for gaging. 


19 1 2 


71 40 


75 


I 




19 * 34 


56 47. 


127 


I 


Moonlight. 


19 2 29 


74 53 


204 


•I 

3 


■$f Twilight. 


19 2 37 


103 16 


160 


* 




19 2 49 


121 39" 


' 14. ! 


10 




19 3 34 


55 56 


146 


2 


B 


19 6 34 


61 8 


I96 


1 
2 


And many fmall befides; 


i-9 7 34 


56 5 6 


I30 


1 
2 


D 


19 7 52 


57 59' 


Il6 


2 




19 8 38 


92 8 


I20 


1 

2 




19 9 37 


109 1 


60 


1 




19 9 4° 


56 51 


I3O 


1 


5. 


19 12 59 


75 21 


58 


1 


* 


19 *3 5° 


59 59 


256 


1 
4 




19 >3 52 


59 2 9, 


158 


1 
2 




1,9 14 2 


72 15, 


60 


1 ; 


* 


19 H 4 


61 21 


279 


1 
3 


Too crowded for accuracy. 


*9 i4 55 


1,03 36 


64. 


1 


Changeable focus, 


19 15 40 


55 26 


l6o 


*.. 


B bright. 


19 16 50 


60 43 


296 


1 
4 




19 16 59 


73 23 


56 


1 


# 


19 17 44 


108 12 


50 


1 




19 18 23 


78 9 


196 


1 

4 


* 


19 18 28 


61 21 


279 


1 

■3 





R.A.- 



ConftruBim tf the Heavens, 



235 



j ' R.A. 


P.D. 


Stars. 


Fields. 


Memorandums. 


H. M. S. 


D. M. 








19 19 52 
19 19 56 
19 20 51 
19 21 I 
19 21 34 


57 H 
108 12 

60 55 

78 47 

55 17 


180 

55 

384 
472 
208 


1 

I 

1 
4 

1 ; ■ 
4 i 

I 


8 bright. 


19 22 27 
19 24 36 
19 24 49 
19 24 50 

19 24 53 


62 29 

56 49 

X04 24 

60 43 

"3 5 1 


320 
224 

36 
296 
18.3 


I ( 
4 1 

• 10 | 


Changeable focus. 


19 25 4 
19 25 16 
19 25 22 
19 25 37 
19 27 36 


57 9 
64 18 

59 3 6 
103 50 

72 34 


190 
280 

340 

55 

424 


1 I 

2 1 

* ! 

I : 
4 

I 

1 


J bright. 

Changeable focus. 
#. Too fmall and too crowded to be ce|r- 

i 


19 27 44 
19 28 1 
19 28 6 
19 28 52 
19 28 52 


61 8 

103 30 

56 49 

59 26 

56 47 


240 

45 
288 

344 
186 , 


I 

s 
I 

1 
I 

i 


[tain of the number. 
Changeable focus. 

5 very bright. 


19 29 46 
19 30 36 
19 30 36 

*9 3 1 33 
19 32 9 


65 10 
74 33 
54 53 
92 34 

109 44 


34 

588 
312' 
62,2 
23,8 


1 

1 

4 

t 

5 

10 


* 


19 32 15 

19 33 4 
19 33 7 
19 33 i4 
19 33 20 


6 2 35 

55 34 

103 12 

61 8 
58 59 


296 
212 

50 
240 

232 


1 

1 
2 
1 

si 

.3 . 
I 


Changeable focus. 


19 34 5 1 
19 35 34 
19 36 6 

19 3 6 37 
19 36 50 


"5 44 
63 19 

54 57 
102 31 

6 ° 35 


14,1 
256 

384 

68 

296 


10 : 

1 
4 

1 

1 

I 
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19 4° 33 


63 


296 


1 
4 






. 19 40 40 


59 I2 


192 


4" : 






19 40 48 


74 33 


588 


4 


* 


.' 


19 42 33 


73 14 


352 


4 


* 




19 43 30 


57 23 


130 


2 


D 




19 43 56 


64 27 


124 


I 
2 


Moil large. 




19 45 3 6 


77 58. 


140 


I • 
2 


■jf Faint 8 . 




19 45 37 


103 3 


5° 


I 






19 46 21 


73 J 4 


352 


4 


* 




19 46 51 


115 44 


12,8 


IO 


Strong twilight; 




19 47 8 


60 35 


312 


I 

4 






19 47 18 


109 46 


20,9 


IO 






19 47 22 


57 3 8 


312 


4 


Very unequally fcattered... 




19 49 6 


57 *3 


268 


I 

4 






19 49 48-- 


56 51 


120 


I 
2 


D 




19 5o 5 


92 39 


39.2 


5 


■%. Molt fmall. 




19 5 1 37 


62.57 


5i 


1 






19 52 


57 x 5 


220 


2 


» 




19 53 l 


60 36 


80 


1 






19 53 28 


63 40 


52 


2 ■ 






19 53 40 


54 5.9 


306 


1 

4" 






19 53 49 


121 39 


7>-7 


10 






19 54 


55 12 


160 


I 

2 


5 




19 54 12 


78 3 


120 


I 
2 


^f Faint ]) . 




19 54 22 


59 5* 


136 


I 
4 






19 55 7 


62 41 


48 


I 






19 56 19 


60 44 


112 


2 






19 56 22 


57 »7 


192 


X 

'4 






19 57 19 


. 62 34 


45 


I 






19 57 40 


58 29 


104 


2 






19 59 49 


62 37 


41 


I 






20 21 


79 3 


5& . 


I 


•& Strong y. 




20 24 


55 J 2 


184 


I 

2 


1) 




20 25 


60 33 


80 


1 


Moftof the ftars. extremely 


fmall... 


20 51 


11? 44 


12,2 


10 


Twilight. 


1 
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20 1 39 


79 34 


68 


1 


% Strong D . 


20 5 26 


56 34 


46 


I 


3). 


20 5 27 


72 56 


280 


1 

4 




20 6v 23 


107 27 


22,6 


10. 




20 6 43 


62 32 


75 


1 


Many.fmalL 


ao 8 26 


56 27 


47,4 


5 


D 


20 8 27 


72 5 6 


280 


1 
4 




20 8 58 


io 3 37 


38 


1 




20 9 6 


109 40 


24,2 


5 




20 9 52 


102 48 


3» 


1 




20 12 22 


5 8 14 


76 


i 

2 




20 17 20 


7.6 12 


184 


1 

4 


Some twilight. 


20 18 51 


BIS, 44 


to, 6 


IO 


Twilight. 


20 20 58 


6l 27 


88 


I 




00 21 36 


71 28 


104 


1 
. 2 


Hazy. 


20 22 56 


56 27 


66 


I 


5 


20 22 58 


IO3 26 


20 


I 




20 24 51 


H5 44 


9.3 


IO 


Twilight. 


20 25 58 


103 26 


22,8 


IO 


Changeable focus. 


20 25 59 


67 27 


248 


1 

4 




20 26 1 


92 44 


30,8 


5 


# 


20 26 46 


i°9 37 


16,7 


10 


Not clear. 


20 26 49 


121 39 


7.7 


10 


A little hazy. 


20 27 33 


96 7 


39 


1 


Moft (mall. 


20 34 51 


"5 44 


9.5 


10 


3) 


2° 35 53 


61 20 


142 


1 

2 




20 37 18 


58 28 


108 


1 
2 




20 37 34 


97 6 


26,6 


10 


* 


20 38 1 


92 44 


28,2 


5 


* 


20 39 42 


66 37 


78 


1 
2 




20 40 22 


56 21 


192 


1 

5 




20 41 11 


67 54 


108 


1 

2 




20 41 56 


74 33 


116 


1 
2 




20 42 59 


62 14 


112 


1 
2 




20 43 1 


70 29 


76 


1 


. 
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20 43 30 


54 47 


2"6o 


1 


Moft of the ftars of the fame fize. 




20 44 59 


70 6 


80 


1 






20 47 13 


60 46 


120 


1 
,2 






20 49 1 


92 44 


27,0 


5 


# 




20 49 10 


57 " 


248 


1 


Moft of a fize. 




20 50 59 


103 26 


17,2 


3 






20 51 23 


68 30 


70 


■ ' 1 ! 






20 53 29 


103 26 


i7,4 


S i 






20 54 1 


107 47 


10,3 


10 ! 






20 5 6 59. 


103 26 


14,9. 


10 


Moft extremely fmall. 




20 57 55 


61 25 


64 


1 i 


Twilight. 




20 59 1 


92 44 


21,4 


Si - 


*■ 




21 1 6 


96 43 


40 


1 ! 


# Moft fmall. 




21 3 29 


66 39 


80 


1 ! 
. z < 






2* 3 S3 


73 ? 


55 


I ! 






21 6 13 


. 69 23 


40 


■I , 


.-A little hazy. 




21 6 55 


103 32 


", 1 . 


ro 






21 7 49 


109 45 


12,8 


IO ; 






21 7 59 


64 58 


1 10 


I 
z 






21 9 a 5 


61 36 


75 . 


1 


Strong twilight. 




21 10 13 


60 3.9 


7° 


I 


Strong twilight. 




21 11 17 


73 *% 


5° 


I . 






21 11 42 


9 6 J.3 


■25 


I 


# 




21 12 1 


.92 44 


16,4 


5 






21 15 3 


109 56 


i5,3 


10 






21 16 43 


59 7 


76 


1 
2 






21 18 ,54 


57 20 


50 


1 






21 20 18 


96 43 


24 


1 


* 




ai 21 ;o 


107 49 


8,i 


10 






21 22 14 


76 33 


3°,° 


5 






21 25 31 


92 44 


8,0 


5 






21 29 12 


83 li 


21,6 


5« 






21 30 58 


78 57 


18,9 


10 






21 32 10 


57 H 


25 


1 






J 21 33 » 


92 44 


i5,4 


5 


Strong twilight. 
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i2i 34 55 


97 17 


13.6 


10 


# 


21 36 38 


65 SS 


42 


1 ; 


1 


"21 38 20 


65 38 


60 


I 




21 39 SS 


96 17 


18 


I S 


*■ 


';;2» 41 52 


58 42 


44 


I 


t 


: JfJ-^J-Jjrjf- 


109 55 


",5 


10 


* 


21 45 4 


59 39 


52 


1 




21 48 22 


59 3° 


29 


I 




21 51 52 


5856 


61 


I 




21 51 55 


97 17 


",5 


10 


# 


2r34'22 


109 55" 


12,8 


10 


# 


21 57 49 


59 37 


60 


1 . 
2 


■t 


21 58 4 


75 7 


33 


1 . 




21 58 19 


59 6 


40 


2. 




;2i 58 43 


58 34 


3 2 > 6 


s 


3> 


21 58 49 


58 20 


34 


I 




22 2 25 


60 9 


42,6 


5 




22 2 52 


109 55 


7>4 


,10 


# 


"22 3 56 


71 48 


25,1 


10 


I 


22 7 22 


109 55 


8,9 


10 


* 


; 22 T0"2$" 


. 1T .^. 


26" 


1 




22 II 32 


97 14 


10,7 


10 


•* Twilight. 


22 11 35 


65 48 


26,6 


5 




22 l8 32 


97 H 


9* 1 


10 


•Jf Twilight. 


22 20 35 


109 58 


8,3 


10 


* 


■;22'20 55 


78 54 


",7 


' 10 


Bright J . 


22 27 41 


95 4 


8,1 


10 H 




22 30 35 


109 58 


5»o 


10 


# 


,22 31 ,28 


73 59 


17*3 


10 




22 33 6 


76 52 


16,5 


10 




22 34 40 


,61 56 


20,1 


10 




22 35 35 


109 58 


7>i 


10 


* 


22 36 49 


7i 57 


18,5 


10 




22 39 41 


82 5 


*9 


1 




. 22 40 5 


. 65 48 


21,3 
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22 43 55 


60 9 


26,7 


IO 


Faint J 


22 45 3 


80 47 


*3>2 


IO 




22 45 3° 


58 38 


17,2 


10 


D 


22 48 49 


7i 57 


13.4 


10 




22 52 9 


78 43 


8,2 


IO 


9 


22 52 41 


95 4 


8,9 


10 




22 55 40 


71 54 


n,6 


IO 




22 56 55 


67 53 


12,1 


IO 




22 58 19 


78 42 


9.2 


IO • 


D 


23 O 27 


113 12 


4,4 


IO 




23 O 30 


58 38 


18,7 


IO 


) 


23 2 59 


65 So 


21,3 


IO 




23 5 35 


109 58 


7>3 


IO 


D 


23 8 52 


95 l 


V s 


IO 


Moft extremely fmall. 1 


23 to 4 


H 55 


26 


I 




23 11 40 


61 48 


2J,I 


IO 




23 12 40 


71 54 


11,9 


10 




23 *7 5° 


81 .0 


9.7 


IO 




23 23 58 


69 48 


12*1 


JO 




23 25 32 


113 12 


3, 1 


IO 


# 


2332 2 


69 51 


9»5 


to 




23 33 2 ° 


79 45 


10 


I 




23 43 2 


69 5 1 


10,9 


IO 




23 44 47 


45 24 


5° 


I 




23 46 52 


113 17 


4,2 


IO 


#• 


23 46 55 


65 3 6 


J 5>3 


IO 




,23 59 21 
! 23 59 5 6 


87 10 


5»t> 


IO 




95 4 


7.8 


to 
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PROBLEM. 

The Jlars being fuppofed to be nearly equally faltered, and their 
number, in a field of view of a known angular diameter, being 
given, to determine the length of the vifual ray.. 

Here, the arrangement of the ftars not being fixed upon, we 
muft endeavour to find which way they may be placed fo as to 
fill a given fpace moll: equally. Suppofe a rectangular cone 
cut into fruftula by many equidiftant planes perpendicular to 
the axis ; then, if one ftar be placed at the vertex, and another 
in the axis at the firft interfe&ion, fix .ftars may be fet around it 
fo as to be equally diftant from one another and from the cen« 
fcral ftar. Thefe pofitions being carried on in the fame manner, 
we fhall have every ftar within the cone furrounded by eight 
others, at an equal diftance from that ftar taken as a center. 
Fig. 1 . (tab. VIII.) contains four fe&ions of fuch a cone diftin- 
guifhed by alternate (hades, which will be fufficient to explain 
what fort of arrangement I would point out. 

The feries of the number of ftars contained in the Se- 
veral fe&ions will be 1 . 7 . 19 . 37 . 61 . 91 . &e. which 
continued to n terms, the fum of it, by the differential method, 

will be n a 4- n . —— d' 4-n . —— • -^— d", &c. : where a is 
2 T 2 3 ' 

the firft term d\ d", d f// , &c. the 1 ft, 2d, and 3d differences* 
Then, fince a=i, d' = 6, d"—6, d" 1 ' = 0, the fum of the 
feries will be n % . Let S be the given number of ftars; 1, the 
diameter of the bafe of the field of view ; and B, the 
diameter of the bafe of the great rectangular cone; and, by 

trigonometry, we (hall have B= Ta ^ a T^ . Now, fines the 

Vol. LXXV. I i * field 
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field of view of a telefcope is a cone, we (hall have its £> 
lidity to that of the great cone of ftars, formed by the above 
eonftru&ion as the fquare of the diameter of the bafe of the 
field of view, to the fquare of the diameter of the bafe of the 
great cone, the height of both being the fame ; and the ftars m, 
each cone being in the ratio of the folidity, as being equally feat-- 
tered (£),- we have« = ^/B'S. And the length, of the viiual 
fay = n~ I , which was to be determined* 



(f) We ought to remark, that the periphery andbafe of' the cone of the field-* 
©f view, in gaging, would; in all. probability feldom fall exattly o&'fqeh ftars as 
would produce a perfect equality of fituation betweea the ftars contained in the; 
fmall and the great cone ; and that, confequently, the folution-of this problem,, 
"where we fuppofe the ftars of one cone to< be to- thofa of the other in the ratio* 
©f the folidity on account of their being equally fcattered,, will not be ftrielly,. 
true. But it mould be remembered, that in: fmall numbers,., where the different 
terminations- of the field* would- moft affsfl: this folution,, the ftars in view hav« 
always been afcertained: from gages that were often repeated^ and each. of. which-; 
fonfiftedof nolefs- than ten. fields fucaeffively taken j, fo that the different deviations; 
at the periphery and bafe of the cone would certainly- compenfate each others 
fufficiently for the purpofe of this calculation* And that,, on* the other har»d,,iii> 
high gages, which could not have the advantage of being fo often- repeated, thefe 
deviations would' bear a much fmaller proportion to the great number of ftars ia-< 
atfteld-of view; and therefore,, oil thi'S: account, fucli, gages may very juftly be; 
admitted ia a,, fohition. wliere practical truth rather than. mathematical' precifion; 
is the end; we have in. view. It is moreover not to be fugpofi^d that we imaigme, 
the ftars to be aclually arranged, in this regular manner,, and,, returning therefore: 
to cue general hypothecs of their being equally fcatteredj any ©n-e field of view: 
promifcuoufly taken, may,, in this general fenfe,. be fupppfcd. to qontain a dug,.- 
proportion. of them,; fo that the principle on which this folution is founded may, 
therefore be faid.tq.be even more rigoroufly true. than. w,e have oceanpnto infifJt! 
wpon, hi an argument of this' kind. 



'fh 
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The fame other wife. 

If a different arrangement of the ftars fhould be fele&ed, 
fuch as that in fig. 2. where one ftar is at the vertex of a cone; 
three in the circumference of the firft fection, at an equal dif- 
tance from the vertex and from each other j fix in the circum- 
ference of the next feclion, with one in the axis or center; 
and fo on, always placing three ftars in a lower feclrion in fuch a 
manner as to form an equilateral pyramid with one above them : 
then we ihall have every ftar, which is fufficiently within 
the cone, furrounded by twelve others at an equal diftance from 
the central ftar and from each other. And by the differential 
method, the fum of the two feries equally continued, into 
which this cone may be refolved, will be zn 3 + i.|«*+ §»; 
where n ftands for the number of terms in each feries. To 
find the angle which a line vx 9 paffing from the vertex v over 
Che ftars v, », b, I, Sec. to at, at the outfide of the cone, makes 
with the axis; we have, by conftrucYion, v s in fig: 3. 
sreprefenting the planes of the firft and fecond fedions =', 
2 x cof.30 = <p, to the radius p s, of the firft fection = 1 . Hence 

it will be s/<f — i—vp = ivm ; or vm = zs/<p l - 1 : and, by 
trigonometry, ■ — Jp= .r:T., Where T is the tangent of the 
required angle to the radius R (c) ; and putting / = tangent of 

(c) In finding this angle we have fuppofed the cone to be generated by a 
revolving rectangular triangle of which the line vx, fig. 2.. is the hypotenufe; 
but the ftars in the fecond feries will occafion the cone to be contained under a 
waving furface, wherefore the above fuppofition of the generation of the cone is 
not ftri&ly true ; but then thefe waves are fo inconfiderable, that, for the -pre- 
lent purpofe, they may fafely be ueglefted in this calculation, 

I i z half 
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half the given field of view, it will be -- = B, the bafe of the 

cone. And =d, will be an expreffion for vp, in terms 

of vs, which is the mutual diftance of the fcattered ftars. 

Then having — = n 3 -f- 1 «* + J », we may find n ; whence 

zdn — </, the vifual ray, will be obtained. 

The refult of this arrangement gives a fhorter ray than that 
of the former ; but fince the difference is not fo considerable as 
very materially to afFedt the conclufions, I mail, on account of 
the greater convenience, make ufe of the firft.. 



We inhabit the planet of a far belonging to a Compound Nebula 

of the third form. 

I fhall now proceed to fhew that the ftupendous fidereal fyfterra 
we inhabit, this extenfive ftratum and its fecondary branch-,, 
confifting of many millions of ftars, is, in all probability, a 
detached Nebula. In order to go upon grounds that feem to me 
to be capable of great certainty, they being no lefs than an 
a&uai furvey of the boundaries of our fidereal fyftem, which 
I have plainly perceived, as far as I have yet gone round it, 
every where terminated, and in moft places very narrowly too, 
it will be proper to fhew the length of my founding line, if I 
may fo call it, that it may appear whether it was fufficiently 
long for the purpofe. 

In the moft crowded part of the milky way I have had fields 

of view that contained no lefs than 588 ftars (d), and thefe were 

continued for many minutes, fo that in one quarter of an hour's 

time there pafled no lefs than 1 16000 ftars through the field of 

{d) See the table of Gages, p. 235. 

view 
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view of my telefcope (<?). Now, If we compute the length of 
the vifual ray by putting S= 588, and the diameter of the 
field of view fifteen minutes, we fhall find n = sKB'S = 498 ; fo 
that it appears the leagth of what 1 have called my founding line, 
or n— 1, was probably not lefs than 497 times the diftance of 
Sirius from the fun. The famfc gage calculated by the fecond 

arrangement of ftars gives s/<s^~ 1 = 1.41421 ; — ==s = 
2 "S<f~ 1 



tangent of 31 28' $$' f *17 '> ~ t =B± 280,69 '> ~^f^ ~ d ~ 

,81649; — = 231 63409,7 =»' + J n 2 + I «; where »=.284,8 

nearly; and zdn-\ =464, the vifual ray. 

It may feem inaccurate that we mould found an argument on 
the ftars being equally fcattered, when in all probability there 
may not be two of them in the heavens, whofe mutual diftance 
fhall be equal to that of any other two given ftars ; but it fhould 
be confidered, that when we take all the ftars collectively there 
will be a mean diftance which may be affumed as the general 
one ; and an argument founded on fuch a fuppofition will have 
in its favour the greateft probability of not being far fhort of 
truth. What will render the fuppofition of an equal diftribu- 
tion of the ftars, with regard to the gages, ftill lefs expofed to 
objections is, that whenever the ftars happened either to be 
\incommpnly crowded or deficient in number, fo as very fud- 

{e) The breadth of my fvveep was 2° 26', to which mufl be added 15' for two 
femi-diameters of the field. Then, putting idiz=:a, the number of fields ia 
1 5 minutes of time ; ,7854=^ the proportion of a circle to I, its circumfcribed 
fquare; <j>=fine of 74 22', the polar diftance of the middle of thefweep reduced 
to the prefent time j and 588^:8, th* number of ftars in a field of view, we have 

— — •zujoopftars, 

denly 



2.^6 Mr. Herschel op the 

denly to pafs over from one extreme to the other, the gages 
were reduced to other forms, fuch as the border- gage, the 
diftance -gage, &c. which terms, and the ufe of fuch gages, 
I (hall hereafter find an opportunity of explaining. And none 
of thofe kinds of gages have been admitted in this table, which 
sonfifts only of fuch as have been taken in places where the 
ftars apparently feemed to be, in general, pretty evenly Mat- 
tered ; and to mcreafe and decreafe in number by a certain gra- 
dual progreffion. Nor has any part of the heavens containing 
a clufter of ftars been put in the gages ; and here I mud ob> 
ferve, that the difference between a crowded place and a: clufter 
may eafily be perceived by the arrangement as well as the iize 
and mutual diftance of the ftars : for in a clufter they are 
generally not only refembling each other pretty nearly in fize, 
but a certain uniformity of diftance alfo takes place.; they are 
more and more accumulated towards the center, and put on all 
the appearances which we mould naturally expert from a num- 
ber of them collected into a group at a certain diftance from 
us. On the other hand, the rich parts of the milky way, as 
well as thofe in the diftant broad part of the ftratum, confift. 
of a mixture of ftars of all poffible fizes, that are feemingly 
placed without any particular apparent order. Perhaps we might 
recollecl:, that a greater condenfation towards the center of our 
fyftem than towards the borders of it mould be taken into con- 
fideration; but, with a nebula of the third form, containing 
fuch various and. extenfive combinations, as I have found to 
take place in ours, this circumftance, which in one of the firft 
form would be of considerable moment, may, I think, be 
fafely neglected. However, I would not be underftood to. lay 
a greater ftrefs on thefe and the following calculations than the 
principles on which they are founded will permit ; and if here- 
after 
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after we (hall find reafon, from experience and observation, to 
believe that there are parts of our fyftem where the ftars are 
not fcattered in the manner here fuppofed, we ought then to 
make proper exceptions. 

But to return : if fome other high, gage be felected from the 
table, fuch as 472 or 344, the length of the vifual ray will be 
found 461 and 415. And although, in confequence of what 
has been iaid, a certain degree of doubt may be left about the 
arrangement and fcattering of the ftars, yet when I recoiled:, 
that in thofe parts of the milky way where thefe high gages 
were taken, the ftars were neither fo .fmall, nor fo crowded, 
as they muffc have been on a fuppofition of a much far- 
ther continuance of them, when certainly a milky or ne- 
bulous appearance mull: have come on, I need not fear to have 
over-rated the extent of my vifual ray. And indeed every 
thing that can be faid to fhorten it will only contract the limits 
-of our nebula, as it has in raoft places been of fufficient length 
to go far beyond the bounds of it. Thus, in the fides of the 
ftratum oppofite to our fituation in it, where the gages often 
run below 5, our nebula cannot extend to 160 times the dis- 
tance of Sirius ; and the fame telefcope, which could mew 588 
ftars in a field of view of 1 5 minutes, muft certainly have pre- 
fented me alfo with the ftars in thefe fituations-as well as the 
former, had they been there. If we mould anfwer this by ob- 
ferving that they might be at too great a diftance to be per- 
ceived, it will be allowing that there muft at leaft be a vacancy 
amounting to the length: of a vifual ray not fhort. of .400 times 
the diftance of Sirius; and this is amply fufficient to make our, 
nebula a detached one.. It is true, that it would not be con- 
fiftent confidently to. affirm that we were on an ifland urilefs 
we had actually found ourfelves every where bounded by the 

ocean,.. 
5 
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ocean, and therefore I fhall go no farther than the gages will 
authorife ; but confidering the little depth of the ftratum in 
all thofe places which have been actually gaged, to which muft 
be added all the intermediate parts that have been viewed and 
found to be much like the reft, there is but little room to expert 
a connection between our nebula and any of the neighbouring 
ones. I ought alfo to add, that a telefcope with a much larger 
aperture than my prefent one, grafping together a greater quan- 
tity of light, and thereby enabling us to fee farther into fpace, 
will be the fureft means of compleating and eftablifhing the 
arguments that have been ufed : for if our nebula is not abfo- 
lutely a detached one, I am firmly perfuaded, that an inftru- 
ment may be made large enough to difcover the places where 
the ftars continue onwards. A very bright milky nebulofity 
muft there undoubtedly come on, fince the ftars in a field of view 
will increafe in the ratio of » 3 , greater than that of the cube 
of the vifual ray. Thus, if 588 ftars in a given field of view 
are to be feen by a ray of 497 times the diftance of Sinus ; 
when this is lengthened to 1000, which is but little more 
than double the former, the number of ftars in the fame field 
of view will be no lefs than 4774 : for when the vifual ray r 

is given, the number S of ftars will be = |j; where n — r+i; 

and a telefcope with a three-fold power of extending into fpace, 
or with a ray of 1 500, which, I think, may eafily be con- 
ftru&ed, will give us 16096 ftars. Now, thefe would not he 
fo clofe but that a good power applied to fuch an inftrument 
might eafily diftinguiih them ; for they need not, if arranged 
in regular fquares, approach nearer to each other than 6 // ,27; 
but what would produce the milky nebulofity which I have 
mentioned is the numberlefs ftars beyond them, which in one 

refpedt 
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refpecl: the vifual ray might alfo fee faid to reach. To make 
this appear we muft return to the naked eye, which, as we 
have before eftimated, can only fee the ftars of the feventh 
magnitude fo as to diftinguifh them ; but it is neverthelefs very 
evident that the united luftre of millions of ftars, fuch as 1 
fuppofe the nebula in Andromeda to be, will reach our fight in 
the ihape of a very fmall, faint nebulofity; fince the nebula of 
which I fpeak may eafily be feen in a fine evening. In the 
fame manner my prefent telefcope, as I have argued, has not 
only a vifual ray that will reach the ftars at 497 times the dis- 
tance of Sirius fo as to diftinguiin them (and probably much 
farther), but alfo a power of mewing the united luftre of the 
accumulated ftars that compofe a milky nebulofity, at a diftance 
far exceeding the former limits ; fo that from thefe confidera- 
tions it appears again highly probable, that my prefent telefcope, 
not mewing fuch a nebulofity in the milky way, goes already far 
•beyond its extent: and confequently, much more would an 
inftrument, fuch as I have mentioned, remove all doubt on 
the fubject, both by fhewing the ftars in the continuation of 
the ftratum, and by expofmg a very ftrong milky nebulofity 
beyond them, that could no longer be miftaken for the dark 
ground of the heavens. 

To thefe arguments, which reft on the firm bails of a feries 
of obfervation, we may add the following confiderations drawn 
from analogy. Among the great number of nebulae which I 
have now already feen, amounting to more than 900, there 
are many which in all probability are equally extcnfive with 
that which we inhabit ; and yet they are all feparated from each 
other by very confiderable intervals. Some indeed there are 
that feem to be double and treble ; and though with moft of 
thefe it may be, that they are at a very great diftance from each 
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other, yet we allow that fome fuch conjunctions really are to 
be found; nor is this what we mean to exclude. But then 
thefe compound or double nebulae, which are thofe of the third 
and fourth forms, ftill make a detached link in the great chain. 
It is alfo to be fuppofed, that there may ftill be fome thinly 
fcattered folitary ftars between the large interftices of nebulas, 
which, being fituated fo as to be nearly equally attracted by the 
feveral clufters when they were forming, remain unaflbciated. 
And though we cannot expect to fee thefe flars, on account of 
their vafl diftance, yet we may well prefume, that their num- 
ber cannot be very confiderable in comparifon to thofe that are 
already drawn into fyftems ; which conjecture is alfo abun- 
dantly confirmed in fituations where the nebulas are near enough 
to have their ftars vifible ; for they are all infulated, and gene- 
rally to be (een upon a very clear and pure ground, without 
any fiat near them that might be fuppofed to belong to them. 
And though I have often feen them in beds of ftars, yet from 
the fize of thefe latter we may be certain, that they were 
much nearer to us than thofe nebulas, and belonged undoubtedly 
to our own fyftem.. 



Ufe of the gages. 

A delineation of our nebula, by an application of the gages 
in the manner which has been propofed to be done in my for- 
mer paper, may now be attempted, and the following table is 
calculated for this purpofe. It gives us the length of the vifual 
ray for any number of ftars in the field of view contained in 
the third column of the foregoing table of gages from T '^ to 
100000. If the number required is not to be found in thefirft 
4 column 
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column of this table, a proportional mean may be taken be- 
tween the two neareft rays in the fecond column, without any 
material error, except in the few laft numbers. The calcula- 
tions of refolvable and milky nebulofity, at the end of the 
table, are founded, the firft, on a fuppofition of the ftars- 
being fo crowded as to have only a fquare fecond of fpace 
allowed them; the next affigning them only half a fecond 
fquare. However, we mould confider that in all probability a 
very different accumulation of ftars may take place in different 
nebulas ; by which means fome of them may affume the milky 
appearance, though not near fo far removed from us ; while 
cluflers of ftars alfo may become refolvable nebulae from the 
fame caufe. The diftin&nefs of the inftrument is here alfo 
concerned ; and as telefcopes with large apertures are not eafily 
brought to a good figure, nebulous appearances of both forts 
may probably come on much before the diftance annexed to 
them in the table. 
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'Seffiion of our fdereal fyfiem* 

By taking out of this table the vifual rays which anfwer ta 
the gages, and applying lines proportional to them around a 
goint, according, to their, refpective. right afceniions and north 
polar diftances, we may delineate a folid by means of the ends 
of thefe lines, which will give us fo many points in its fur- 
face; I fhall, however, content myfelf at prefent with a fec- 
tion only. I have taken one which pafles through the poles of 
our fyftem,, and is at rectangles to the conjun&ion of the 
branches which I have called its length- The name of poles 
feemed to me not improperly applied to thofe points which are 
90 degrees diftant from a. circle paffing along the milky way, 
and the north, pole is 1 here affumed to be fituated in R.A. 18 6° 
and B.I}., 5$° v The fe&ion reprefented in fig; 4* is one which 
8aak.es fan angle of 35 degrees with our equator, eroding it in. 
jsz4# : and 304! degrees. A celeftial , globe, . adj ufted to the lati- 
tude of 55? north, and having c- Cetinear the meridian, ,will ; 
have the plane of this feclion pointed out by the horizon, and; 
the gages which have been ufed in this delineation are thofe 
which. in table I. are marked, by afterilks. When the vifual > 
fays anfwering to them, are taken out of the fecond table, they 
nrnft be projected on. the plane of the horizon of the latitude 
which has been pointed out ;. and this may be done accurately, 
enough for the prefent purpofe by a globe adjufted as above di- 
rected ; for. as gages,, exactly in. the plane of the fection, were 
often wanting, I, have ufed many at forne fmall diftance. above 
and below the fame, for the fake of obtaining more delineating;; 
points; and in the figure the ftars at the borders which are: 
larger than the. reft are thofe.. pointedJout by the gages,, The 
a,, inter- 
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intermediate parts are filled up by fmaller ftars arranged in 
ftraight lines between the gaged ones. The delineating points, 
though pretty numerous, are not fo clofe as we might with ; 
it is however to be hoped that in fome future time this 
branch of aftronomy will become more cultivated, fo that we 
may have gages for every quarter of a degree of the heavens at 
leaft, and thefe often repeated in the moll favourable circum- 
ftances. And whenever that mall he the -cafe, the delineations 
may then be repeated with all the accuracy that long experience 
may enable us to introduce ; for, this fubject being fo new, I 
look upon what is here given partly as only an example to 
iiluftrate the fpirit of- the method. "From this figure how- 
ever, which I hope is not a very inaccurate one, We may fee 
that our nebula, as we obferved before, is of the third form ; 
that is : A very extenjive, branching, compound Congeries of 
many millions of far s; which moft probably owes its origin to 
many remarkably large as well as pretty elofely fcattered fmall 
ftars, that may have drawn together the reft. Now, to have 
fome idea of the wonderful extent of this fyftem, I mull ob- 
ferve that this - fe&ion of it is drawn upon a fcale where the 
diftanceof Sirius is no more- than the Soth part of an inch; fb 
that probably all the ftars, which in the ftneft nights we are 
able to diftinguilh with the naked eye, may be comprehended 
within a fphere, drawn round the large ftar near the middle, 
reprefenting our fituation in the nebula, of lefs than half a 
quarter, of an inch radius. 

"The Origin of nebulous Strata. 

If it were poffible to diftinguifh between the parts of an 
indefinitely extended whole, the nebula we inhabit might be 

faid 
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faid to be one that has fewer marks of profound antiquity upon 
it than the reft. To explain this idea perhaps more clearly, we 
fhould recollect that the condenfation of clufters of ftars has 
been afcribed to a gradual approach ; and whoever reflects on 
the numbers of ages that muft have paft before Tome of the 
clufters, that will be found in my intended catalogue of them, 
could be fo far condenfed as we find them at prefent, will not 
wonder if I afcribe a certain air of youth and vigour to many 
very regularly fcattered regions of our fidereal ftratum. There 
are moreover many places in it where there is the greateft 
reafon to believe that the ftars, if we may judge from ap- 
pearances, are now drawing towards various fecondary centers, 
and will in time feparate into different clufters, fo as to occa- 
fion many fub-divifions. Hence we may furmife that when a 
nebulous ftratum confifts chiefly of nebulae of the firft and fe- 
cond form, it probably owes its origin to what may be called 
the decay of a great compound nebula of the third form ; and 
that the fub-divifions, which happened to it in length of time, 
occafioned all the fmall nebula? which fprung from it to lie in a 
certain range,, according as they were detached from the pri- 
mary one. In like manner our fyftem., after numbers of ages, 
may very poffibly become divided fo as to give rife to a ftratum' 
of two or three hundred nebulae ; for it would not be difficult 
to point out fo many beginning or gathering clufters in it (/ ). 
This view of the prefent fubjedT: throws a confiderable light? 
upon the appearance of that remarkable collection of many 

( f) Mr., MicHEi.t has alfo confidered the ftars. as .-gathered together into 
groups (Phil. Tranf. vol. LVII. p. 249.) j which idea agrees with the fiib-divificn 
of our great fyftem here, pointed out. He founds an elegant proof of this on 
the computation of probabilities, and mentions the Pleiades, the Pra-fepe Cancrrj. 
and the nebula (or cluiter. of ftars.) in Use hilt of Perfeus's fvrord, as inftancer.. 

hundreds 
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hundreds of nebulae which are to be leen in what I have called 
the nebulous ftratum of Coma Berenices. It appears from the 
extended and branching figure of our nebula, that there is room 
for the decompofed fmall nebulae of a large, reduced, former 
great one to approach nearer to us in the fides than in other. 
parts. Nay, poffibly, there might originally be another very 
large joining branch, which in time became feparated by the 
condenfation of the ftars ; and this may be the reafon of the 
little remaining breadth of our fyftem in that very place : for 
the nebulae of the ftratum of the Coma are brighteft and moft 
crowded juft oppofite our fituation, or in the pole of our fyftem. 
As foon as this idea was fuggefted, I tried alio the oppofite pole, 
where accordingly I have met with a great number of nebulae, 
.though under a much more fcattered form. 

An Opening in the heavens.. 

Some parts of our fyftem indeed feem already to have fuf- 
tained greater ravages of time than others, if this way of ex- 
prcfling myfelf may be allowed ; for inftance, in the body of 
the Scorpion is an opening, or hole, which is probably owing to 
this caufe. 1 found it while I was gaging in the parallel from 
112 to x 14 degrees of north polar diftance. As I approached 
the milky way, the gages had been gradually running up from 
9,7 to 1 7,1 ; when, all of a fudden, they fell down to nothing, 
a very few pretty large ftars excepted, which made them (hew 
O55, 0,7, 1., 1, 1,4, i,8; after which they again rofe to 4,7, 
13,5, 20,3, and foon after to 41,1. This opening is at leaft 
4 degrees broad, but its height I have not yet afcertained. It 
is remarkable, that the 80 Nebuleufe fans e'toiles of the Con- 
■noiffance des Temp, which is one of the richeft and moft com- 

prefled 
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prefled clufters of fmall ftars I remember to have feenj is 
fituated juft on the weftern border of it, and would almoft au- 
thorife a fufpicion that the ftars, of which it is compofed, were 
collected from that place, and had left the vacancy. What adds 
not a little to this furmife is, that the fame phenomenon is 
once more repeated with the fourth clufter of ftars of the 
Connoijfance des Temps', which is alfo on the weftern border of 
another vacancy, and has moreover a fmall, miniature clufter, 
or eafily refolvable nebula of about 2| minutes in diameter, 
north following it, at no very great diflance. 



Phenomena at the Poles of our Nebula. 

I ought to obferve, that there is a remarkable purity or clear- 
nefs in the heavens when we look out of our ftratum at the 
fides ; that is, towards Leo, Virgo, and Coma Berenices, on one 
hand, and towards Cetus on the other ; whereas the ground 
of the heavens becomes troubled as we approach towards the 
length or height of it. It was a good while before I could 
trace the caufe of thefe phenomena ; but fince I have been 
acquainted with the fhape of our fyftem, it is plain that thefe 
troubled appearances, when we approach to the fides, are eafily 
to be explained by afcribing them to fome of the diftant, ftrag- 
gling ftars, that yield hardly light enough to be diftinguifhed. 
And I have, indeed, often experienced this to be actually the 
caufe, by examining thefe troubled fpots for a long while toge- 
ther, when, at laft, I generally perceived the ftars which occa- 
sioned them. But when we look towards the poles of our 
fyftem, where the vifual ray does not graze along the fide, the 
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draggling ftars of courfe will be very few in number; and. 
therefore the ground of the heavens will affume that purity 
which I have always obferved to take place in thofe regions* 

Knumeration of very compound Nebula or Milky-Ways. 

As we are ufed to call the appearance of the heavens, where- 
it is furrounded with a bright zone, the Milky- Way, it may 
not be amifs to point out fome other very remarkable Nebulae- 
which cannot well be lefs, but are probably much larger than 
our own fyftem ; and, being alfo extended, the inhabitants of 
the planets that attend the ftars which compofe them mull 
likewife perceive the fame phenomena. For which reafon they 
may alfo be called milky-way s f by way of diftinMon. 

My opinion of their fize is grounded on the following ob- 
fervations. There are many round nebulae, of the firft form, 
of about "five or fix minutes in diameter, the .liars of which I 
can fee very diftinctly ; and on comparing them with the. vifual 
ray calculated from fome of my long gages, i fuppofe, by the ap- 
pearance of the fm all ftars in thofe gages, that the centers of thefe 
round nebulae may be 600 times the diftance of Sirius from us. 

In eftimating the diftance of fuch eluft'ers ! confulted ; 
rather the comparatively apparent fize of the ftars than 
their mutual diftance; for the condenfation in thefe clufters 
being probably much greater t'hatl in our own fyftem, if we 
were to overlook this circumftance and calculate by their appa- 
rent comprefiion, where, in about fix minutes diameter, there 
are perhaps ten or more ftars in the line of meafures, we mould 
find, that on the fuppofition of an equal fcattefing of the ftars 
throughout all nebuLe, the diftance of the center of fuch a 
clufter from us could not be lefs than 6000 times the diftance 

of' 
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©f Slrlus. And, perhaps, in putting it, by the apparent fize 
of the ftars, at 600 only, I may have considerably under- rated 
it ; but my argument, if that fhould be the cafe, will be fo 
much the ftronger. Now to proceed, 

Some of thefe round nebulae have others near them, perfe&ly 
fimilar in form, colour, and the diftribution of ftars, but of only 
half the diameter: and the ftars in them feem to be doubly crowded, 
and only at about half the diftance from each other : tiiey are 
indeed fo fmall as not to be vifible without the utmoft attention, 
I fuppofe thefe miniature nebulae to be at double the diftance of 
the firft. An inftance, equally remarkable and inftrudtive-, is 
a cafe where, in the neighbourhood of two fuch nebulas as 
have been mentioned, I met with a third, fimilar, refolvable, 
but much fmaller and fainter nebula. The ftars of it are no 
longer to be perceived ; but a refemblance of colour with the 
former two, and its diminifhed fize and light, may well per- 
mit us to place it at full twice the diftance of the fecond, or 
about four or five times that of the firft. And yet the nebu- 
loiity is not of the milky kind ; nor is it fo much as difficultly 
refolvable, or colourlefs. Now, in a few of the extended ne- 
bulas, the light changes gradually fo as from the refolvable to 
approach to the milky kind ; which appears to me an indica- 
tion that the milky light of nebulas is owing to their much 
greater diftance. A nebula, therefore, whofe light is perfectly 
milky, cannot well be fuppofed to be at lefs than fix or eight 
thoufand times the diftance of Sirius ; and though the numbers 
here afTumed are not to be taken otherwife than as very coarie 
eftimates, yet an extended nebula, which in an oblique litua- 
tion, where it is poffibly fore-fhortened by one-half, two-thirds, 
or three-fourths of its length, fubtends a degree or more in 
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diameter, cannot be otherwife than of a wonderful magnitude* 

and may well outvie our milky-way in grandeur. 

The firft I mall mention is a milky Ray of more than a de- 
gree in length. It takes k (Fl. 52.)Cygni into its extent, to 
the north of which it is crookedly bent fo as to be convex 
towards the following fide ; and the light of it is pretty intenfe. 
To the fouth of k it is more diffufed, lefs bright, and lofes ; 
itfelf with fome extenfion in two branches, I believe ; but for 
want of light I could not determine this circumftance. The 
northern half is near two minutes broad, but the fouthern is 
not fufficiently defined to afcertain its breadth. 

The next is an extremely faint milky Ray, above | degree 
long, and 8 or ic/ broad; extended from north preceding to 
fouth following. It makes an angle of about 30 or 40 degrees 
with the meridian, and contains three or four places that are 
brighter than the reft. The ftars of the Galaxy are fcattered 
over it in the fame manner as over the reft of the heavens. It 
follows s Cygni 1 1,5 minutes in time, and is 2 1 o' more fouth. 

The third is a branching Nebulofity of about a degree and a 
half in right afcenfion,, and about 48' extent in polar diftance. 
The following part of it is divided into feveral ftreams and 
windings, which, after feparating, meet each other again 
towards the fouth. It precedes £" Cygni i6 / in time, and is 
i° i6 / more north. I fuppofe this to be joined to the preceding 
one ; bu$ having obferved them in different fweeps, there was 
no opportunity of tracing their connection. 

The fourth is a faint, extended milky. Ray of about 17' in 
length, and 1 z / in breadth. It is brighteft and broadeft in the 
middle, and the ends lofe themfelves. It has a fmall, round, 
very faint nebula juft north of it ; and alfo, in another place, 
a fpot, brighter than the reft, almoft detached enough to form 

a different 
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a different nebula, but probably belonging to the great one. 
The Ray precedes « TYianguli i8 7 ,8 in time, and is 55' more 
north. Another obfervation of the fame, in a finer evening, 
mentions its extending much farther towards the fouth, and' 
that the breadth of it probably is not lefs than half a degree ; 
but being {haded -away by imperceptible gradations, . it is diffi- 
cult exactly to affign its limits. 

The fifth is a Streak of light about 27' long, and in the 
brighteft part 3 or 4/ broad. The extent is nearly in the meri- 
dian, or a little from fouth preceding to north following. It 
follows /3 Ceti 5^9 in time, and is 2° 43' more fouth. The 
fituationis fo low, that it would probably appear ."of a much 
greater extent in a higher altitude. 

The fixth is an extenfive milky Nebulofity divided into two 
parts; the molt north being the ftrongeft. Its extent exceeds 
15'; the fouthern part is followed Jby a parcel of ftars which 
I fuppofe to be the 8 th of the Connoljfance its Temps. 

The feventh is a wonderful, extenfive Nebulofity of the milky 
kind. There are feveral ftars vifible in it, but they can have 
no connection with that nebulofity, and are, doubtlefs, belong- 
ing to. our own fyftem feattered before it. It is the 17th of 
the Connoijfance des Temps. 

In the lift of thefe muft alfo be reckoned the beautiful Ne- 
bula of Orion. Its extent is much above one degree; the 
eaftern branch paffes between two very fmall ftars, and runs on 
till it meets a very bright one. Clofe to the four fmall ftars, 
which can have no connection with the nebula, is a total black- 
nefs; and within the open part, towards the north-eaft, is a 
diftindt, fmall, faint nebula, of an extended fhape, at a diftance 
from the border of the great one, to which it runs in a parallel 
4 direction* 
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.direction, refe*nbi*ng the fhoals thajt are fe<?n iiear the eoafts '-of. 
Come iflands. 

The ninth is th^t in the girdle of Andromeda, which is un? 
4oubtediy the neareft of all the great nebulae ; its extent is 
above a degree and a half in length, and, in even one of the 
narro weft places, not lefs than 1 6' in breadth. The brighteft 
part of it approaches to the refolvable nebuloiity, and begins 
to (hew -a faint red colour ; which, from many obfervations on 
the colour and magnitude of nebulae, I believe to be an indica- 
tion that its diftaneein this coloured part does not exceed sooo 
times the diftance of Sirius. There is a very coniiderable, 
broad, pretty faint, fmajl nebula near it ; my Sifter difcovered 
it Auguft 27, 1783, with a Newtonian 2-feet fweeper. It (hews 
the fame faint colour with the great one, and is, no doubt, in 
the neighbourhood of it. Jt is not the 33d of the Connoiffatice 
des "Temps ; which is a pretty large round nebula, much con- 
<lenfed in the middle, and fouth following the great one ; but 
this is about two-thirds of a degree north preceding it, in a 
line parallel to 13 and v Andromedas. 

To thefe may be added the nebula in Vulpecula : for, though 
its appearance is not large, it is probably a double ftratum of 
ftars of a very great extent, one end whereof is turned towards 
us. That it is thus utuated may be furmifed from its contain- 
ing, in different parts, nearly all the three nebulofkies ; *ws& 
the refolvable, the coloured but irrefolvable, and a tincture of 
the milky kind. Now, what great length muft be required to 
produce thefe effects may eafily be conceived when, in all pro- 
bability, our whole fyftem, of about 8co ftars in diameter, if 
it were feen at fuch a diftance that one end of it might afflime 
ihe refolvable nebulofity, would not, at the other end, prefent 

us 
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m with the irrefolvable, much- lefs with the colourlefs andi 
milky fort of nebuiofities*. 

A Perforated Nebula, or Ring of Stars. 
Among the curiofities of the heavens mould be placed a. 
nebula, that has a regular, concentric,, dark {pot in the middle,, 
and is probably a Ring of ftars. It is of an oval fliape, the 
fliorter axis being to the longer as about 83 to 100 ; fo that, if 
the ftars form a circle, its inclination to a line drawn from the 
fun to the center of this nebula muft be about $6 degrees* The 
light is of the refolvable kind,, and in the northern fide three- 
very faint ftars may be feerv, as alio one or two in the foutherft 
part. The vertices of the longer axis feem lefs bright and not 
fo well defined as the reft. There are feveral fmalL ftars very 
neat, but none that feem to belong to it. It is the 57th of 
the Connoiffance des Temp., Fig. 5. is z. reprefentatioiv of it, 

Plamtary Nebtifai, 

f ffiall' Cbiicliide this paper with an account of a few liea:- 
verily bodies, that from their lingular appearance leave mealmoft 
ki dbubt' where to clafs them* 

The firft precedes v Aquarii 5^4. in time, and is i y more 
north. Its place,; with regard to a fmali ftar Sept. 7, 1782^ 
was, Diftarice 8' 13" 5 ,i /// '';'. but on account of the low fituation, 
and other unfavourable eircumftances, the meafure cannot, be 
very exad. Auguft z$ y . 1 783, Dift'ance f 5/' .1.1 "',. very exa£t,, 
andtomy fatisfadion ; theUightb'eing tiirownin by an opaque- 
micr5fCop1c-illumihation (g)'. Sept. 2d, 1783,, Pofition 41 24/ 

fouth: 

(g) It may be of ufe : to explain- this kind' of illumination for 1 which the New- 
tonian refle&or is admirably conffrtaSed. On the fide oppofite the eye-piece an 
©pening is to be made in the tube, through which tbe-light may be thrown in, fo 
as to. fall on feme refle&ing body, or concave perforated mirror* within the eye- 

•piecs, 
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fouth preceding the fame ftar; very exacl:, and by the fame 
kind of illumination. Od. 17, 1783, Diftance 6 / $$" "]'" ; 
a fecond meafure 6' 56 ,v ii w , as exact 'as poffible. 0£t. 23, 
1 783, Pofition 42 tf' ; a fecond meafure 42° 45' ; fingle lens ; 
power, fa % -opaque--microfcopic-illumination. Nov. 14, 1783, 
Diftance 7' 4" 35 /// . Nov. 12, 1784, Diftance 7' 22" 35'" ; 
Pofition 38 39''. Its diameter is about 10 or 15". I haveexa- 
.mined it with the powers of 71, 227, 278, 46a, and 932 ; 
and it follows the laws of magnifying, fo that its body is no 
illufion of light. It is a little oval, and in the 7-feet reflector 
pretty well defined, but not fharp on the edges. In the 20-feet, 
of j 8,7 inch aperture, it is much better defined, and has much 
of a planetary appearance, being all over of an uniform 'bright- 
nefs, in which itdiffers from nebulae : its light feems however 
to .be of the ftarry nature, which fufFers not nearly fo much as 
the planetary difks are known to do, when much magnified. 

The fecond of thefe bodies precedes the 13th of Flam- 
steejd's Andromeda about i'6 in time, and is 22' more fouth. 
It "has a round, bright, pretty well defined planetary difk of 
about 1 i" diameter, and is a little elliptical. When it is viewed 
with a 7-feet refledor, or other inferior inflruments., it is not 
nearly fo well defined as with the 20-feet. Its fituation with 
regard to a pretty confiderable ftar is, Diftance (with a com- 
pound glafs of a low power) 7' ji" 34 /// . Pofition \z° o' f. 
preceding. Diameter taken with 278, 14" 42"'. 

The third follows B (Fl. 44.) Ophiuchi 4 / ,i in time, and 
is 23'' more north. It is round, tolerably well defined, and 
pretty bright ; its diameter is about 30". 

pi«:e, that may throw it back upon the wires. By this means none of the direct 
rays can reach the eye, and thofe few which are reflected again from the wires do 
not interfere fenfibly with the fainteft objects, which may thus be feen undif- 
turbed. 

The 
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The fourth follows oj Sagittas 1 j\ 1 hi time, and is z' more 
north. It is perfectly round, pretty bright, and pretty well 
defined ; about J min. in diameter. 

The fifth follows the 2 1 ft Vulpeculas 2', 1 in time, and is 
i° 46' more north. It is exadtly round, of an equal light 
throughout, but pretty faint, and about 1/ in diameter. 

The fixth precedes h (Fl. 39) Cygni $',i in time, and is 
i° z6 / more fouth. It is perfectly round, and of an equal 
light, but pretty faint ; its diameter is near i', and the edges 
are pretty well defined. 

The planetary appearance of the two firft is fo remarkable, 
that we can hardly fuppofe them to be nebulas; their light is 
fo uniform, as well as vivid, the diameters fo fmall and well 
defined, as to make it almoft improbable they mould belong to 
that ipecies of bodies. On. the other hand, the effecl: of dif- 
ferent powers feems to be much againft their light's being of a 
planetary nature, fince it preferves its brightnefs nearly in the 
lame manner as the ftars do in fimilar trials. If we would fup- 
pofe them to be fingle ftars with large diameters we fhall find it 
difficult to account for their not being brighter ; unlefs we 
mould admit that the intrinfic light of fome ftars may be very 
much inferior to that of the generality, which however can 
hardly be imagined to extend to fuch a degree. We might 
fufpecl: them to be comets about their aphelion, if the bright- 
nefs as well as magnitude of the diameters did not oppofe this 
idea ; fo that after all, we can hardly find any hypothefis fo 
probable as that of their being Nebula: ; but then they muft 
coniift of ftars that are comprefied and accumulated in the 
higheft degree. If it were not perhaps roo hazardous to purlue 
a former furmife of a renewal in what I figuratively called the 
Laboratories of the univerfe, the ftars forming thefe extraordi- 
nary nebula?,by fome decay or wafte of nature, being no longer 

Vol. LXXV. Mm &' 



%66 Mr. Herschel on the ConjlrucVton of the Mea^ens. 

fit for their former purpofes, and having their projeclile forces, 
if any fuch they had, retarded in each others atmofphere, may 
ru(h at laft together, and either in fucceflion, or by one general 
tremendous fhock, unite into a new body. Perhaps the ex- 
traordinary and fudden blaze of a new ftar in Caffiopea's chair, 
in 1572, might poffibly be of fuch a nature. But left I fhould 
be led too far from the path of obfervation, to which I am 
refolved to limit myfelf, I fhall only point out a confiderable 
ufe that may be made of thefe curious bodies. If a little atten- 
tion to them fhould prove that, having no annual parallax, they 
belong moft probably to the clafs of nebulae, they may then 
be expected to keep their fituation better than 1 any one of the 
ftars belonging to our fyftem, on account of their being pro- 
bably at a very great diftanee. Now to- have a fixed point 
fomewhere in the heavens, to which the motions of the reft 
may be referred,, is certainly of confiderable confequence in 
Aftronomy ; and both thefe bodies are bright and fmall enough 
to anfwer that end (i>). 

Datchct.near Windfor,. W. HERSCHEJL.. 

January 1, 1785. 

(■h) Having fotind two more of thefe curious objects, I add the place of .them. 
here, in hopes that thofe who have fixed instruments may be induced to take an 
early opportunity of obferviug them carefully. 

Eeb.-i, 1785* A very bright, planetary nebula, about half a minute in diame- 
ter, but the edges are not very well defined. It is perfectly round, or perhaps a 
very little elliptical, and all over of an uniform brightnefs : with higher powers 
it becomes proportionally magnified. It follows y Eridani 16' 16" in time, and 
is 49' more north than that ftar. 

Feb. 7,. 1785. A'beautiful,. very brilliant globe of light; a-; little hazy on the 
edges, bur. the hazinefs goes off very fuddenly, fo as not to exceed the. 20th part: 
of the diameter, which I fuppofe to be from 30 to 40".. It is round, or perhaps: 
a very little elliptical, and all over of an uuiform brightnefs r I fuppofe the intenfity 
of its light to be equal to that of a ftar of the ninth magnitude. It precedes the 
third b (Fi.. 6.) Crateris ?,8' 36'' in ■time, and is i° 25' more north than that ftar.. 
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